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In summary, a new stereoselective approach to vinyl ethers 3 starting from chromium carbenes having both alkyl and aryl substituents at the carbene carbon and stabilized sulfur ylides has been developed. This novel reaction provides an alternative strategy for constructing 2-acyl enol ethers directly in enolized form, in a process which formally results in the totally site-selective enolization of a 0-keto ester or a 0-diketone. Compounds 3 are in turn not available by using standard Wittig methodology, and the stereoselectivity of the process may be steric in nature. Efforts to extend this methodology to other chromium carbene complexes and to control the stereochemistry in the formation of compounds 3 are now in progress.
Acknowledgment. Support for this work under Grant PB90-0047 from the DGICYT (MEC-Spain) is gratefully acknowledged. We thank Prof. Joaquin Plumet for fruitful discussions and Dr. Fernindez de la Pradilla for his help during the preparation of this paper. Recently we reported the use of 1,4-diisopropyl-l,4di-aza-1,3-butadiene (iPr-DAB) as an ancillary ligand for early-transition-metal centers to prepare various organ* hafnium complexes of the type Cp*Hf(iPr-DAB)R (Cp* = v5-C6Me5; R = C1 (l), Me, C d M e , C(O)Me, H).2 In these Complexes the ligand assumed a nonplanar $,r ene diamide structure and acted in preliminary reactivity studies as an inert ancillary ligand, yielding thermally robust compounds. The wdonation from the nitrogen lone-pair electrons makes the metal center in these complexes significantly less electron-deficient than in the isostructural14-electron butadiene complex Cp*Hf( $,r-2,3-dimethyl-l,&butadiene)Cl (2).3 * F which were identified by NMR spectroscopy.
One of the most interesting and useful aspects of transition-metal centers in organometallic chemistry is that organic ligands. C-C bond-forming reactions and reactions involving C-H bonds have attracted special attention in this resDect and have found aDDlication in metal-directed CI /q they can induce unusual transformations in coordinated stoichiometric adducts with isocyanides such as Cp*Hf-(iPr-DAB)Cl.CNxy (3) (eq 1).4 The inertness of the HfCp*Hf(iPr-DAB)Cl + xyNC -1 Cp*Hf(iPr-DAB)Cl-CNxy (1) 3 xy = 2,6-dimethylphenyl ene diamide bond relative to the Hf-butadiene bond is demonstrated by the fact that up to 150 ' C no further reaction of 3 takes place, whereas for diene complex 2 insertion of the isocyanide into the Hf-diene bond has been ~bserved.~ No isolable adduct of 1 with the organic cyanide tBuCN was observed, but heating the reactants in toluene to 120 ' C in a vacuum-sealed Pyrex tube produced an intensely orange solution, from which orange crystals were obtained. Spectroscopic6 and single-crystal X-ray' diffraction data C a d 8.15 (br, 1 H, NH) It is hard to determine whether the difference of 0.1 A in Hf-N bond length between N(2) and N(3) is due to a preferred resonance state, the rigidity of the ligand geometry, or the different degrees of substitution for the two N atoms. The H f 4 l distance of 2.450 (1) A is rather long, which may suggest a relatively electron-rich metal center due to the presence of three nitrogen ligands that all have the possibility of r-interaction with the do metal center.
Monitoring the reaction by 'H NMR spectroscopy showed that 1 is converted quantitatively into 4 and that 0.5 mol of neopentylamine is formed per mole of Hf. The reaction sequence thus involves reduction of some of the cyanide, accounting for the loss of two H atoms from the organometallic product (eq 2). A similar reaction was %Cp*Hf(iPr-DAB)Cl + 3tBuCN - observed to occur with phenyl cyanide to produce the red phenyl analogue of 4. The reaction is rather slow when stoichiometric amounts of the reagents are used (several days at 120 ' C for completion) but can be speeded up considerably by using an excess of cyanide. No intermediates in the sequence were observed by NMR spectroscopy, but a possible reaction route may be inferred by comparison with the reaction observed between 1 and ketones.
+ tBuCHzNH2 (2)
A possible relation between the reaction of 1 with ketones and with cyanides is shown in Scheme 11. After initial formation of the ene imine intermediate 6 another H-transfer can occur (possibly through a 1,3-H shift and transfer of the hydrogen from one nitrogen to another through a four-membered transition state as observed in Cp*,CeNHtBwNHztBu complexes12) to form the vinylamido imine complex 7. Exchange of the imine by another cyanide can then lead to a C-C coupling reaction between the vinylamido =CHz group and the cyanide carbon atom. The possibility of such a coupling between cyanides and transition-metal vinylamides was demonstrated by Bercaw et al. in the reaction between Cp*&N=C(R)Me and RCN (R = p-MeC&4).13 A 1,3-H shift then produces the ligand as observed in the structure of 4. It is interesting to note that we have found no evidence for the presence of the aldimine tBuCH-NH or ita decomposition products, finding instead 0.5 equiv of neopentylamine. In most reduction reactions of organic cyanides the intermediate aldimine is more easily reduced than the parent cyanide."
This may suggest that once formed, the aldimine is more efficient in ita reaction with another molecule of 1 than the parent cyanide.
We have observed that, although generally 1,4-diisopropyl-1,4-diaza-l,3-butadiene acta as an inert ancillary $,r-ene diamide ligand for hafnium in Cp*Hf(iPr-DAB)R complexes, the isopropyl groups are activated to exhibit reactivity through six-membered transition states. In the reaction with organic cyanides this leads to a unique sequence of C-H activations and a C-C coupling, showing that N-isopropyl ene amide ligands can be used in the formation of new multidentate ligand systems.
Supplementary Material Available:
Text giving experimental and spectroscopic data for the compounds described and text giving details of the structure determination and refinement and tables of crystallographic data, positional and thermal parameters, bond distances, bond angles, and torsion angles for 4 (14 pagee). Ordering information is given on any current masthead page. Complex 1 reads with various ketones RR'C-0 (R, R' : tBu, Me; Ph, Ph) to form intensely yellow solutions. Although we could not obtain single crystals suitable for X-ray diffraction, NMR spectra8 of the produds are consistent with the reaction shown in Scheme I. This reaction involves transfer of an iPr a-H to the carbonyl carbon through a six-membered transition state to produce the ene imine alkoxide complexes Cp*Hf[iPrNCH=CHN= CMez](OCHRR')C1 (5a R, R' = Me, tBu; 5b, R, R' = Ph, Ph). This type of H-atom transfer is known from reactions between ketones and metal alkoxides, such as the Meerwein-Ponndorf-Verley (MPV) reactions between ketones and Al-isopropoxide complexes, where the OiPr a-H atom is transferred to the ketone.g One example involving an iPr-DAB ligand was reported in the reaction of Fez-(CO)&Pr-DAB) with MeOzCC4COzMe, where after initial coordination of the alkyne to the metal centers, the iPr a-H atom is transferred to the alkyne moiety.1° The process may also be related to reductions of polar unsaturated molecules by orthoamides and dihydropyridines, found to be mediated by electropositive cations such as Mgz+ and Zn2+." 
